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COMPLETE SPECIFICATIOf? 



Improvements in or relating to Radio Antennae 



1, TiiE Minister op Sxtpply of Shell 
Mex House, Loudou, W.C.2, do" liereby 
declare the invention, for which I pray 
that a patent may be granted to me, and 
the m^tJiod biy Mhivii h vs to he jjer- 
formed, to be particularly described in 
jnid by the following Btutement: — 

The present invention relates to direc- 
tive nntennjB for radio cromiuunioation, 
radar and like syatems. 

It is known that the region lyino* be- 
tween, a pair of parallel conducting sleets 
suitably spaced apart in the direction of 
the H-veotor of an incident radio wave 
will support and propagate the wave 
through the region. The index of re- 
fraction of the propagating region be- 
tween tlie plates, may in this case be 
T 

defined as /4= where T is the velocity 

of propagation of radio waves in free 
space, and Yg the phase velocity of 
propagation of radio waves in the region 
between the parallel plates. 

For a given i)air of plates spared apart 
26 "V a (listauce a, and Xi radio wavelewgtli 
of A, it ran readily be shown that: — 
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It will be appreciated that, by suitably 
varying the spacing between the plates 
30 in such an arrangement, the index of 
refrac tion of the region enclosed between 
the plates may be made to vary, within 
a given area, in accordance with any 
given law, 

36 Optically it has been shown that a 
plane wave illuminating a transparent 
sphere in which the refractive index 
varies as the radial distance from the 
f-entre according to a certain function 

40 will be brought to a focus at a poiiit in 
the surface of the sphere. The focal 



point will obviously lie on a diameter 
normal to tlie plane of the wave. Simi- 
larly if the sphere is replaced by a 
cylinder a plane wave will be brought to 46 
a hue focus on the surface of the cylinder. 
The phenomenon is, obviously, reversible 
so that a line source on- the surface of 
sucli a cylinder or sphere would set-up a 
paralle] emergent beam. The function 50 
connecting the refractive index with 
radial distance from the centre is given 
by : 
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■when /I = refractive index §5 
r= radial distance from centre 
radius of sphere or cylinder 

„,"^°r*V^ relntion to apply, the spITere 
or cylinder avast he embedded in an in- 
hmte homogeneous medium of refractive 60 
uidex unity, and the refractive index 
m the sphere or cylinder must vary he- 
t^veen the values i and 3. A more ffeneml 
relation i»; — 



(^) 66 



where = refractive index of surround- 
iiipr medium. 

It follows that hy suitable variation in 
spacing between a pair of conductive sur- 
Jb««''" region can be defined between 70 
them m which the refractive index varies 
in accordance with the law 
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provided the lens is anrrounded W a ' 
region or medium of refractive index 76 
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5 oppliesi. 

ilie above cniisiMerntums nre io 
the profluctjou of one fnnii of n.i»tpiuifi 
ncfordiug to this iuvention. 

According' to this aspeot of the \*r^' 
10 sent invention therefore, a radio nntennn 
system provided eoinpri'^ing' pJ»"' 
conductive surfaces nrrauffed in si);Mi*d 
relationshi]) to define between tlieni a 
circular region lioviujjr a refractive in«li?x- 
15 /'., for radiations of n given wave!eu{ith 
varying over said re.iyion in a«-«'»rdanfO 
with the Ipw 



where /» is the radial distanre trom the 
20 eeutre of said region and R tie ladiri^ 
of said region, a feed elrtueut associuted 
with a point on t])e l)Oundary of said 
region, said region -being bounded oyer 
at least a part thei-eof opposite the point 
25 at which said feed element is 1 oca ted by 
extensions of said eonduetive snrfat^cs 
defining between tiiejn. a further bo\ind- 
ary region having a refraetive imlex 
for radiations of said given wavelength 

30 Mich that /Xo= — where is the value o£ 
V2 

u at the centre of said circular region, 
Vnth such an arrangement the feed ele- 
ment may be arranged so as t«» be mov- 
able .around a part of the circumference 

35 of the circular region so that tlie 'direc- 
tion of maximum sensitivity of the^ an- 
tenna may be varied through a given 
angle, the boundary region feeing 
arranged to em"brace at least the arc over 

40 which an emergent ?>r incident beam will 
travel from or to tlie feed ♦*lemeii*^. 

The boundary region ])referably ter- 
minates in a s tra i gl 1 1 ed ire st » th n f d i <\y r- 
tiou effects due to th»f emergeae:* -or in- 
45 cidence) of a beam between. thi> reuio!! 
and free space will be minimised. 

The variation c»f index of refracTiou 
over the circular region may be a<-hieved 
by suitable distortion of one or both of 

60 the conductive surfaces^ to produce the 
variation in spacing between tliese sur- 
faces appropriate to the desired variation 
in index" of refraction. 
■ If Ivns fnrtber been sliown tluii if a 



Uj»nNji:iri»«i iiiidy i'' provid< d in thf form 5n 
nl :i <.-ihi-'-ylin5» r, Hisit i- ;« i-ylindi-r 
dividi-d ;it tlijiiiif*» r. ;ilid ihe indf»X of 
retnM-rj.iu ni rhe ImmIv Viirit-s, from tlir 
iixis <d generation of the «*yliuder 
radially tiiwnrds the mrveil surface. 60 
afcnrdnig to tlie hiw 
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wiier*- »v is the index of letiaetion iii a 
radii. I tii^iji;jr{- r U*-\ii li'^ 5«Ni> * f i:viiel- 
i\U(in nt the cyiiiider. "o is the index of 65 
refraction at the axi< and K is the radius 
i>f thf* i-yJijider, a plane wave incideuf oJi 
The plane diametrical snrtace will be 
bnuijrhr to a fo'rus in a line on the curved 
surfaee of the cylinder opposite the dia- 70 
metrical plane face. 

This theory may also be applied to an 
jiutenna embodying this invention. 

In order that tiie invention inay be 
more clearly understood and readily 75 
carried intu effect some embodimentrs 
ihei-enf -i^'ill now he described witn r^^fer- 
eui*^ to tiie drawings accompanying tin- 
Pr(ivi<in7»ii| spe<-itif-aiion>. 

In the drav/ings ae^-mnpanying 80 
Provisional Speeification <if Appli'-ation 
:Cr). j!l4U!i/49: — 

Fig, 1 i< a plan view and 

Fig. *J is a side elevation of an antenna 
»-onstru<-tion. 85 

In the drawings aeeonipanying the 
Provisional Spe»i fixation f»f Apidif-atiojj. 
.Vo. 27U0'>»/49:— ' 

Fig. 1 is a perspective view ot an an- 
tenna «*(»nstructed according to The 90 
invention. 

Fig. 2 is a pers^tective view nt aiiothnr 
embodiment of the invention, and 

Fiff. 8 i«< a pprspe* tive view of ii furtlier 
antenna .system * ousTrur-ted in a«'cor«l- 95 
auf-e with the invention. 

In the drawings acc»nnpanying the 
Provisioual Sj)ef iii»-atlon of Ajipli'-atiMO 
Xo. 14900 'oO: — 

Fig. 1 is a plan ^It^^ of a further an- 100 
lenna ;M'«'«>rdiu«: to the invention. 

Fig. 2 is a sidn elevatitsn. and 

Fiif. is an end elevation of thi* 
sintenua.. 

Referring first to the drawings filed lOo 
with AppJi'-ation Xo. .r.»4nY»:;40. the i.n- 
tenna <lio\rn rninijuises a pair of metal 
sheets 1 and 2 su]iy.orted in >paced rela- 
rifinsliip by spa«-ini; nieuibers. 8, 4, .'i. an*l 
«i. A teed t^lement in this ea«:e the open 110 
end ot a' waveg'iitlf 7. i< ;irrauged lo 
laum h a wave in.rn 'or . rvci-ivH f-neriiv 

f onii th»» 5j»C»'*» htdwMiin thn |d:it»"; I :»lid 



wjjrrliy bolow flu* .sfrnctun* t<» ;> mtaliii^- 
joiiJt 1> luL'jittMl below tlie ceiitiv ]inia( (i{ 
tJie cirt-ulnr lens portion of the struotui-e, 

•5 to be (lej^orilied below, tbrouirli wbioli the 
waye;^rui(le 7 is coupled to a tnrther wave- 
jruide lU which leads to the transmitter 
or. receiver (not *<hftwn) with wliich the 
nntenna is to be used. It will thus be 

10 seeu that the feed element, i.e. the open 
end of the waveguide T, may be swung to 
any point on the jieriphery of the circii- 
hir lens portion, over an arc A — ^B. 
The lower sheet, 2 is a plane sheet. 

15 The upper sheet 1 is formed with a hulge 
II, concave side downwards, the shape of 
whicli, in plan, is circular as seen in 
Viyc, I, and which forms the circular 
lens portion referred to »bove. The verti- 

20 cal shape of this b\ilge is a curve the 
formula for which is given below. 

The spacing between the plates 1 and 
2, outside the area of tlie bulge 11 is 
chosen in relation to the wavelenjrth at. 

26 which the device is to operate, so that 
the separation between tlfe plates is 
{greater than A/2, and less than A. 
A being the operative wavelength. This 
conditioni is necessary to ensure a unique 

30 value for and for this value to be real. 
Equation (1) above, now applies so that 
file refractive index in the region outside 
tile bulge 11.. 



X 2a„ 

35 Within the bulge H the refractive 
index 



U fnlldws fnini these relations and equa- 
titiii (:]) above thai the separation n of 
40 llie i>latcs ;it any i>oint within the bulge 
may calculated from the equation: 



where r h the radial distance of the given 
point from the centre of the bulge and R 

45 the radius of the bulge (seen in plan). 
The feed element T, which may be a 
liorn, di])ole, resonant slot or any like 
structure, is arranged to act as a^ point 
source to launch into the space between 

60 the sheets ] and 2, in all directions, a 
wave in the H mode for which the «lieet 
spacing is approjiriate, This wave, in 



juisslji^r UirounJi lb,, bulge region will lie 
fnrUvvMl iiiln y jiluiic fronted wave wbirb 
will fraveisc tbe puriiou of iJi^. stiucturo 55 
over wliidi the sheets 1 and 2 are parallel 
and. eniergiug from tlie straight opposite 
edge will suffer some refraction but will 
remain. a plane front wave. iTie direction 
of the emergent beam will depend upon 60 
the position of feed element. The extent 
(»f the arc A — B (.rig. 1) over which the 
feed element 7 may be moved while «till 
giving a plane fronted emergent wave 
will depend upon the extent of the 65 
parallel portion of the sheets 1 and 2. 
that is the length of the straight fnnri. 
edge of the structure. 

Satisfactory working over an angle of 
oiV can readily be ai'hieved, and greater 70 
angles ('an be' arranged for by suitably 
extending! the structure. Kackward radia- 
tion outside the structure is preferably 
minimised or prevented by suitable de- 
sign of the feed element 7.' 75 

The structure of the device acrcording 
to the invention may- take various fonns. 
Thus, for example, the upper sheet 1 
with the bulge 11 mav be formed from 
metal sheeting as (lescribed, or the 80 
appropriate profile may be applied to one 
surface of an insulating slag which is 
then rendered conductive by spraying or 
otherwise applying metal to it. Equnlly, 
it is possible to bulge botli of the slieets 85 
1. and. 2, to produce the ])r.oppr variation 
in spacing. 

•Any suitable provision may be made 
for moving the feed element 7 around 
the edge of the bulge portion 11. Thus 90 
instead of a physically movable feed de- 
vice as shown it is also possible to pro- 
vide a plurality of fixed feed elements 
distributed around the appropriate arc, a 
switching mechanism being provided to 95 
render these elements operative selec- 
tively at the appropriate times. 

Referring now to^ the arrangements 
shown in the drawings accompanvino* 
Application JTo. 27009/49., Pig. ] sWs 100 
an antenna comprising a pair of conduct- 
ing sheets^ 1' and 2 supported in spaced 
relationshfp by means of curved side 
plates ^ and 4. The conducting sheets 1 
and 2 each have a periphery in the form 105 
of a semi-circle. A waveguide 5 is posi- 
tioned on the bisector of the diameter of 
the semi-circles which form-=i the 
aperture fi of the antenna. The 
waveguide o is arranged to launch radiollO 
waves in the H, mode into (or receive 
energy from) the si)ace between the 
sheets 1 and 2. 

The spacing between the sheets 1 and 
2 around the edges bounded bv tli»» 115 

A 

curviMl plates 3 and 4 is greater than — 

?. 



aiirl less flian A, A Iwiiipr tlic f»jiei*ntiv»* 
vv;iv<-ltfiijrtii. 

Tlie .sheets 1 »ud are ideutically pro- 
filed in suf»li a manner and are spaced 
5 ajmrt by such a distance that the distance 
// between the sheets at any point obeys 
tlie foUowinjJT eqxiation, obtained by eom- 
himiifj: equations (1; and (4) above, viz. 
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. (5) 



10 For equation (1) to be real, it is appar- 
ent that a must at oil times be grreater 
A 

tliun — . Also, in order to suppress wnves 

2 

in tlie Hjj mode it is desirable that n be 
less than A, and hence when r=0 it is 

15 preferably arran^'ed that a be slig'htly 
/e<ts than]^ or equal to, A. This value of a 
v.'ill then determine the index oi refrac- 
tion Mo iit the centre of the aperture 6. 
Radio waves launched in tlie H, mode 

20 from the wavejruide^ o tlien arrive in 
])hase at the aperture 6 and a substan- 
tially parallel beam results. It u found 
that' the illiiniiuatiou " of the aper- 
ture G is such that any side lobe^ " of 

25 radiation produced are negli^i'ible. 

Fipr. 2 of these drawings shows an an- 
tenna comprisinjv two conductin^: sheet":^ 
10 and 11 having two side plates K and 
13. The antenna is fed by a wavegilide lo. 

30 The comi)onents of the antenna are 
arranged in a similar manner to those in 
tile embodiment of Fig. 1 to form an 
nperture 1^. However, only the conduct- 
ing sheet 10 is profiled whilst sheet 11 is 

35 idane. The profiling of sheet 10 is such 
that the distance between the sheets 10 
and 11 f;onforms to the same considera- 
tions as those gSven with jeference to 
the spacing of the plates 1 and 2 of Fig. 

40 3. 

Fig. *3 of tliese drawings shows an 
antenna designed to provide a fan-shapejl 
radiation pattern, that is, the radiation 
pattern is narrow in the one plane, in 

45 the aspect shown," the liorizontal plane 
and broad in the other plane, in the 
aspect .shown, the vertical plane. The an- 
tenna comprises two conducting sheet* 
10 and 11 supported in spaced relation- 

50 ''hip by means of curved side plates 12 
and IS, A waveguide 15 feeds the si)a<'e 
between the sheets 10 and 11 in the same 
manner as described with reference to 
the waveguide lo of Fig. '2. The dimen- 

55 sioning and spacing of the sheets I'fV and 
\ 1 is the same as for the sheets of identi- 
cal reference to Fig. 2. except that tli** 



jdam* slieet 11 is extended beyond tlie sidi* 
plates 12 and l'{., i.e. beyond the line A j<, 
iu the form of a rectangle and .supports 00 
at its edge a parabolic cylinder 17. 

The focus of the parabolic cylinder IT 
lies in the line AB. The rectangular ex- 
tension of the sheet H causes tlie direc- 
tion of maxinuim radiation from tlie 05 
aperture of tlie plates 10 and 11 to be 
inclined towards the vertical iu the 
aspect shown thereby directing the radia- 
tion that reflections from the parabolic 
cyRnder 17 do not return into the aper- 70 
ture. The resultant reflection from 
the parabolic cylinder is a radiation beam 
which has a wide angle in the vertical 
plane. 

Eeferriug now to the drawings accom- 76 
panying Ajjplication No. 14905/50 the 
antenna here shown comprises a pair of 
metallic sheets A and B mounted one 
above the otlier in spaced relationship. 
As will be seen from the side elevation 80 
of Fig. 2, the plates are curved iu the 
dimension t/y^ so as to impose a variation 
in the spacing between the sheets which 
is symmetrical about the axis op. This 
variation is such that the index of refrac- 85 
tiou of the wave propagating region 
formed by the space between the plates 
f ollow.< the law : 
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where fxfj/} is the refractive index at 00 
distance .// from the lens axis in the 0/) 
dimension 

/*o is tlie refractive index at the lens 
axis 

and fJ is the thickness " of the 05 
lens in the <lirertiou of its axis, and 
is uniform, af axiy given distance froju 
tile axis of the lens, in the direction of 
tJie axis of the lens. 

It follows from equations (1) and (ft) 100 
that the spacing between the sheets 
varie< according to the law : 
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cosh 
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As before // !•< the thicdcue-i^ of the leas 
in the direction op, ;h indicated in Fig. 105 
1 . 

A.S will be .seen from Fig. the plates 
are straiglft in the dimension ou, so tliat 
there^ U no variation in the index of re- 
fraction in this direction. 110 

Tt can b** shown that with this arrange- 



nieut, dinieiwioiietl us above, a feed ele- 
ment located at tke point o to radiate 
energy of the appropriate wavelenyi;h in- 
to the antenna lens structure will give 
5 rise to an emergent beiini in tiie direction 
op which is focussed into a narrow, sub- 
stantially parallel beam in the plane 

In the plane perpendicular thereto the 

10 polar diagram of the array will be of 
well-known fan shape as obtained with 
conventional so-called cheese " mir- 
i-ors. The sharpness with which the beam 
is focussed in the plane of the slieets and 

16 the amplitude of the side lobes which 
are set-up, will depend in the arrange- 
ment shown on the extent of the antenna 
sheets in the dimension yy^ and in fact 
the side lobes can be reduced to almost 

2fl any acceptable amplitude by sufiRcient 
extension oFlhe sheets in this dimension. 
In practice it has been found that side 
lobes can be maintained witliin the limits 
normally ol^tained with conventional 

25 cheese " type mirrors with an overall 
length in the dimension yy^ of the same 
order a^ that employed in •* cheese " 
type mirrors. 

The sheets may be supported in spaced 

30 relation in any desired way, for example, 
as shown in the drawing means of 
supporting pillars S. These supporting 
pillars majr be of conductive material, or 
of dielectric material. In any case it is 

35 preferred to position these supporfs as 
far as possible away from the axis op of 
the lens. One possible form of construc- 
tion which facilitates assembly of the de- 
A'ice within the mechanical tolerances 

40 required for the spacing between the 
sheets, is to provide a block at each end 
of the sheets to the opposite faces of 
which the sheets are attached. This is a 
l)articTilarly valuable method since the 

45 dimensions are moat critical at these 
outer ends. 

Variations in the structure are pos- 
sible. For example in place of self-sup- 
porting metallic sheets whicli have been 

50 assumed for the structure above de- 
scribed, the surfaces forming the an- 
tenna may be metallic surfaces formed 
bv spraying or plating on suitably pro- 
filed and spaced blocks of insulating 

65 material, or may be built up on suitable 
supporting frameworks. Furthermore, in 
place of the aymmetricul arrangement 
of curved^ sheets shown in the example it 
is possible to carry out the invention 

60 using one curved and one plane sheet, the 
curvature applied to the curved sheet be- 
ing suitably modified to produce the de- 
sired variation in the refractive index. 
■As shown in the drawing, tlip enier*f- 

66 ent boundary of the lens may be pro- 



vided with a flared portion C, to pro- 
duce the desired, matching into free space 
and hence ensure that the polar diagram 
in the sense perpendicular to the plane 
of the lens is of the desired form. * rn 

The* antenna or lens may be fed by 
any suitable type of feed element such as 
a horn or dipole with reflector located at 
point u, 

. It will bo appreciated, that although 76 
in some instances in the above descrip- 
tion the antenme have been described, 
for clarity s sake, as though they were 
transmitting antenna?, they can equally 
antennL directional receiving 80 

What I claim is: — 

1. Radio antenna comprising a pair of 
conductive sheets spaced apart to define 
between them a wave propagating 
medium for radio waves of a given wave- ^ 
length, the spacing between the sheets 
varying from point to point within a lens 
region according to a law related to the 
refractive index of the wave propagat- on 
ing medium^ formed by said sheets siicJi 
that radiations having their E vector 
parallel to said conductive sheets 
launched m said region from a focal 
point located m said lens region ' will or 
emerge from said region m a given pat- 
tern of radiation, said region being con- 
tiguous with a boundary region within 
wiiich the spacing between said sheets is 
uniform, whereby propagation of radia- mn 
tions through said boundary region from 
said lens region will be in a pattern sub- 
stantially undisturbed from the- desired 
j>attern set up in said lens region. 

Radio antenna as claimed in claim iak 
1 wherein said boundary region termin- 
ates at an edge so contoured that the 
emergent radiation pattern will be sub- 
stantially undisturbed from that set up 
by said lens region. \\c\ 

3 Radio antenna as claimed in claim 1 
or 2 comprising a circular lens region of 
refractive index fi (for radiation^ of a 
given wayelengthy varj'ing over said cir- • 
cuiar region m accordance with the law us 



V R 



where r i.s the radial distance from the 
centre of said region, and R is the radius 
of .,aid region, and a boundary re-ion 
liaviug a refractive index Uo (for ra'ffia ion 
tion. of said given wavelenfe sucftSt 

wLere ^ is the value 



of 



'1* of said oirtular region. 

4. Hadio antenna as claimed in claim 
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wherein said boumhiry regriou euibrutes 
at least oue half of the perimeter of said 
circular rej»ion i\m\ terminates iu a 
straight edge. 

5. Itadio auteima as claimed iii claim 4 
iueluding a feed eleiueut associated with 
tile boundary of said lens region and 
movably monuted with respect to the an- 
tenna structure, being movable through 
an ar<- extending round part of the peri- 
phery of said circuhir regiou whereby the 
directivity piittprn of tlie antenna inay be 
swung through an uugle corresponding to 
said an* by movement of said feed 
1 6 element. 

0. A radio antenna comprising a pair 
of semi-circulur comluctive surfaces 
arranged face-to-face in spaced relation- 
shiji, the spacing between the surfaces 
varying fi-om point to point, said surfaces 
defining between them a semi-cylindrical 
wave propagating medium by refractive 
index of which, for ratliations of a given 
waveleuM'th having their E vector parallel 
to said conductive sheets, varies from 
point to point in accordance with the law 



20 
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where /* is the refractive index at a i»oint, 
r U liie railial distance of ^^aid point troiu 
30 the axis of the semi-cylinder, It is the 
ra<Iiu5i of the semi-cylinder and /«o i^ the 
refnurtive index at the axis of the semi- 
cylinder, and a feed element a>^ociated 
witii the semi-CYcliudrical bpuudary and 
located on tiie radius perpendicular to the 
straight 'diametrical* boundary of <i\u\ 
regiou. 

I . A radio antenna comprising a pair 
of conductive surfaces mounted face-to- 
face in spaced relationshiii the spacing 
between said surfaces varying fmm luiinv 
to point to provide for radiations having 
their E vector jjarallel. to said conductive 
sheets, a variation in the refractive index 
of the wave propagating medium formed 
between said surfaces in oue direction 
across said medium according to the law 
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cosh 2£. 
3i 



\viiere i^ the refractive index at any 
given point. .% is the refractive index at 5U 
the axis of the structure, »/ is the dis- 
tance of said given point from said axis 
and d is the extent of ^ said suri;M e-i in 
the direction of said axis, the spacing be- 
tween said sheets at any given distance 55 
froju said axis beiug uniform in the 
direction parallel to said axis, ami a feed 
element associated with said structure 
and located on said axis. 

t^. Radio antenna as rlaiiucd in rhnjn 60 
7 in wbicli sai»l surfaces, on the side 
tliereiif ojiposite* <ajd feed element extend 
inti> a boundary region in \viji»-b s;jid 
»^urta» es are divergent from one another 
in the dire«-t ion away from said fee 1 65 
element. 

9. Radio antenna constructed. air;ii?.<ie^: 
and adapted to fuueridn substantially as 
iiereinbefore 1 1 escribed witii refeivnee fo 
tlje drawings ac'-niiip;iuvin«»- Aj>pii<-aii(»:i 
No. lW(19/49. 

10. Radio antenna coustrurted. 
arranged and adapted to functiuJi suli- 
stantially as hereinbefore described wifii 
reference to Tig. 1 of the drawiii^^.^ 
aceoiujianyiug AppHcatioJi Xo. •^7JMVJ/41». 

11. Radio antenna constructed, 
arranged ami adapted to function sub- 
stantially iis hereinbefore described with 
referent.'e to Fig. 5 of the rlrawMigs 
accompany iu^ Application No. 27un:j/4M. 

\2, Radio antenna constructed. 
arrau;red and adapted to functi(jn sub- 
stantially as hereinbefore described witii 
reference to .Fig. (»f tlie drawings 85 
accompanying Application No. l-lUni/ 5iK 

I'j. Radio antenna constructed, 
iirranged ami adapted to func'tion suli- 
^itaniially as Iiereinbefore described with 
referem-e to the drawings accompanyin; 
Application No. 149U0/50. 

E. E. WRIGHT. 
Agent for the Applicant. 
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PRUVISIUNAL SPECIFICATION 
No. 1^409 A.U. lU4n. 

Improveraeats in or relating to Radio Antennae 



T. TiiK l[i>'isTiiR OF ScrrLv, of Shell 
Mex House, London, W.C.2, do lierehy 
declare the nature of this invention to 
95 lie as follows: — 

The present invention relate-^ to direc- 
tive aiilenma fi»r ladin loinmunicaliiui. 
nuhir and like systems. 



it is known thia the region lyincr he- 
tween a jiair of iiarallel conducting 100 
sheets -suitably spuced apart iu the direc- 
tion of tile H-vertor of uu iueident radio 
wavH nill MipjMifi ;0.d |»rnpiijrute the wave 
llifnuuh llie ri*.!fiii|i. The " index of fv- 
fra« n*oi; *' of tlif proj.ajfaling regiou be- 106 



697,163 



tween the i^hi^es may, in this cui>e, be 

UefLned as ^= — where V is the Telocity 

of xjiopugatioii of radio wuvttj iu free 
siJiice, and the phase velociTy of 

5 iiropagation of radio waves in the rej^:iou 
lietween the parallel x^liites. 

For u given pair of plates spaced 
apart by a distance a, and u radio wave- 
length of X, it can readily be shown 

10 that: — 



a) 



It will be appreciated that, by .suitably 
varying the spacing; between the plates 
in such an arrangement, the index of re- 
X5 fraction of the region enclosed between 
the plates may be made to vary, within 
a given area, in accordance with any 
given law. 

The present invention is based on this 

20 f'^^t and according to the invention in 
one aspect there is pro\'ided a radio an- 
tenna system comprising a pair of con- 
ductive surfaces arranged in spaced re- 
lationship to define between them a 

9;-) region haying, for radio waves of a given 
wavelength, a refractive index (as here- 
in defined) varying over said region in 
accordance with a given law such that 
radiations launched into said region at a 

30 given part of its boundary will emerge 
from said region in a desired pattern of 
radiation, the part of tlie boundary of 
said region passed through by the emerg- 
ent nidiation being so arranged tluit Ihe 

gg emergent radiation pattern is not sub- 
stantially distorted from that set up by 
said region in passing through said 
boundary. 

Optically it has been shown that a 

4i) plane wave illuminating a transparent 
sphere in whiclx the refractive index 
varies a^ the radial distance from the 
centre according to a certain function 
will be brought to a focus at a point in 

^5 the surface of tlie sphere. The focal 
point will obviously lie on a diameter 
normal to the plane of the wave. Simi- 
larly if the sphere is ^ replaced by a 
(.cylinder a plane wave will be brought to 

50 a line focus on the surface of the cylinder. 
The phenomenon is, obviously, reversible 
so that a line source on the surface of 
such a cylinder or ephere would, set-up a 
parallel emergent beam. The function 

56 connecting the refractive index with 
radial distance from the centre is given 



when refractive index 

r=:radial distance froau centre 80 
li= radius of sphere or cylinder 

Tor this relation to apply, the sphere 
or cyJinder must be embedcled in an in- 
finite homogeneous medium of refractive 
imlex unity, and the refractive index in 65 
the sphere or cylinder mu:«;t varv between 
the vahle^^ 1 and 2, A more general rela- 
tion is: — 



wJiere /*o = refractive index of surround- jn 
ing medium. 

It follows that by suitable variation in 
spacing between a pair of conductive sur- 
faces, a region can be defined between 
them in which the refractive index 
vanes in accordance witli the law 



Since, however, the refnu-tive index, as 
given by equation (1) above, is alwavs ■ 
less than unity, for such a structure to 80 
operate as a lens, equivalent to the spliere 
or cylinder discussed above in the oi)tical 
case equation (3) must be ap])lied and 
the lens surrounded by a region or 

medium of refractive index 

1 . . ^2 

wJiere /tc is the refractive index at the 
<:entre of the area over which the law 



— 86 



applies. 

The above considerations are applied gn 
to the production of one form «f antenna ' 
acfording to this invention. 
^ According to this aspect of the present 
invention, therefore, a radio antenna 
system is provided comprising a pair of on 
conductive surfaces arranged " in spaced 
relationship to define between them a 
circular region having a refractive inde^- 
/*, (as herein defined) for radiations of a 
«iven wavelength, varying over said lOQ 
region in accordance with the law 



\v]ien» /• is the radial distaiue from tlip 
centre of said region and E is the radius 



of said reg'iou, a feed eleuient associated 
witli a poiut on the boundary of said 
re'fion, siiid regiou being bouuded oyer at 
least u part thereof opposite the poiut at 
5 which said feed element is located by e::- 
tensions of said conductive surfaces de- 
fining between them a further, boundary 
remon. having a refractive index /to for 
radiations of said given wavelengtli sUch 



10 that — 2r the value of 

/i Jit the centre of said circular region. 
AVith siurli an arrangement the feed ele- 
ment may be arranged so as to be niov- 
alile aroTind a part of the circumference 
16 of the circular region so that the direc- 
tion of maximum sensitivity of the an- 
tenna may he varied through a given 
angle, tlie boundary region being 
arranged to embrace at least the arc over 

20 which an emergent or incident beam will 
travel from or to the feed element. 

The boundary region preferably ter- 
minates in a straight edge so that dis- 
l(ution effects due to the emergence (or 

25 im-idence) of a beam between this 
regioji and free space will be minimised. 

The variation of index of refraction 
over the circular region mi\y be achieved 
by suitable distortion of one or both of 

30 tile conductive surfaces to prodiU'e the 
viiriation in spacing between these sur- 
faces appropriate to the desired varia- 
titm in index of refraction. 

It lias ftirtlier been shown ^ that if a 

35 transparent body is provided in the form 
of a semi-cylintler, that is a cylinder 
divided at a diameter, and the index of 
refniction of the body varies, from the 
axis of generation of the cylinder radially 

40 towards the cur\ed surface, according to 
the law" 



1*0 



E 



...»-:» 



v.'K».-ro Hr is the index of refraction at a 
radial distance r i'ram the axis of genem- 

45 tion of the cylinder, n., is tlie index of re- 
fra!-tion at the axis and B is the radius 
of vlie cylinder, a jdane wave incident on 
idalie diametrical surface will be 
bn» light to a ffH Us in a line on the curved 

50 surface i»f the cylinder opposite the dia- 
metrical plane face. 

This theorv may also be applied to^ an 
antenna eni'lmdyi ug thi< invention. 
Aifordiii:? ft) tlie invention in another 

55 aspect, therefore, there is provided a 



radio ajitenua comprising a pair of con- 
ductive surfaces arranged in spaced rela- 
tionship to define between them a semi- 
•'ircular region having. . for radio waves 
J a given wavelength, and index of re- QU 
fraction ,« (as herein defined; varying 
ovtsr said region in accordance with tia? 
law 



-/'i^ = 7 

! + (-) 
R 

where r u tlie radial distance from the 65 
••entre of the semi-circle, E is the radius 
of the semi-circle and /iq is the index of 
refraction at the centre of the senii- 
circle, and a feed element associated with 
the semi-cylindrical boundary of said Jii 
region at a jjoiut on the radius perpen- 
dicular to the straight i diametrical) 
boundary of said region. 

Further description of antenna con- 
structed ac cording to this aspect of the 75 
invention is hardly necessary. It miiy 
comi)rise merely a pair of <emi-cylindri- 
(•al metal plates supported in spaced re- 
hitioushixj by ii semi-cylindrical wall at- 
tached to their semi-circular boundaries, go 
])iovi5ion being made for a feed element, 
such us the open end of a waveguide, a 
iiorii, dipule or slot aerial, to be j)Osi- 
lioued at the apex " of the semi- 
cylindt-r so formed. Eitlier or both of the 85 
• li'.-ets i&;'are bulged su as to vary the 
^juK-ing betiA'eeu the plates from point to 
]>'Aiit in such a manner (as determined 
1 y the equations (i) and (4) taken to- 
g-.'tljti J that the refractive index varies 90 
I'.'.-cui-ding to equation (4;. Alternatively, 
tlie refractive index can be made to cou- 
torm to the desired law by introduction 
nf diele'-trii- material, suitably profiled, 
bftweeu the ]dates.^ Stich an antenna,^ if do 
Used as a transmitting antenna, will give 
a siibstantally parallel emergent beam or 
if Used as a receiving antenna will accept 
a idane-f routed Wave and focus it at the 
feed element. 100 

Tn order that the invention iimy be 
mole clearly understood and readily 
carried into ettect an embodiment there- 
of will now be described with reference 
to the aceomjjanying drawing in which: 105 

Fig. 1 is a plan view and 

Pig. '2 a siile elevation of an antenna 
construction. 

The antenna sJiowu in the drawiugs 
comprises a pair of metal sheets 1 and 2 110 
supported in sjjaced relationship bj- spac- 
ing members, 4. o ami 0. A feed ele- 
iiient ill tbi< t^ise the op(>n end of u 
waveguide 7, is arianged to launch a 



AVttve into (or receive energy froun Flie 
space between tlie plates 1 'and 2, the 
•waveguide 7 exteuding downwardly be- 
low the strxicture to a rotating joint 
5 located below the centre point oflhe cir- 
cular lens portion of the structure, to be 
described below, through whicli the 
waveguide 7 is coupled to a further wave- 
guide 10 which leads to the transmitter 

10 Or receiver (not shown) with which the 
antenna is to be used. It will thus be 
seen that the feed element, i.e. the open 
end of the waveguide 7, may be swung 
to any point on the periphery of the cir- 

15 rular lens portion, over an arc A — B. 

The lower sheet, 2 is a plane sheet. 
Tlie upper sheet I is formed with a bulge 
11, concave side downwards, the shape of 
which, in plan, is circular as seen in Fig. 

20 1, and which forms the circular lens por- 
tion referred to above. The vertical 
shape of the bulge is a curve the formula 
f"r which is given below. 
The spacing between the plates 1 and 2, 

25 outside the area, of the bulge 11 is chosen 
in relation to the wavelengtJi at which the 
device is to operate, so that tlie separa- 
tion <7ti between the plates is greater than 
A./2, and less than X, k being the opera- 

30 tive wavelength. This condition is neces- 
aary to ensure a unique value for /<o and. 
for this real value to be real. Equation 
(1; above, now applies so that the re- 
fractive index in the reg ion outside the 
T~X" = 

35 bulge 11, ii„= Jl-{- ; . 

\ 2ao 
Within the bulfre 11 the refractive 
index 



V -R 

It follows from these relations and equa- 
40 tiou (3) above that the separation of 
the i)lates nt any i^oint within the bulge 
may be calculated from the equation : 



whcTe is the radial distance of the given 
46 point from the centre of the bulge and 
R the radius of the bulge (seen in plan). 
The feed element 7, which may be a 
, horn, dipole, resonant s]ot or any lilce 
structure, is arranged to act as a line 
50 saurce to launch into the space between 
the sheets 1 and 2, in all directions, a 



wave in the H mode for which tlie shc(?t 
.spacing is appropriate. This wave, in 
passing tlirough the bulge region will be 
focussed into a plane fronted wave which 55 
will traverse the portion of the structure 
over which the sheets 1 and 2 are 
parallel and, emerging from the straight 
opposite edge will suffer some refraction 
but will remain a plane fronted" wave. 60 
The direction of the emergent beam will 
depend upon the position of feed element 
7. The. extent of the arc A— B (Fig. 1) 
over which the feed element 7 mav be 
moved while still giving a plane fronted 05 
emergent wave will depend upon the 
extent of the parallel portion of the 
sheets 1 and 2, that is the length of the 
straight front edge of the structure. 

Satisfactory working over an angle of 70 
•50* can readily be achieved, and greater 
angles can be arranged for bv suitablv 
ex:lending the strucfiire. Backward radi- 
ation outside the structure is preferably 
minimised or prevented by suitable de- 76 
sign of the feed elenient 7. ^ 

The structure of the device according 
to the invention may talce various forms. 
Thus, for exampljB, the upper slieet 1 
with the bulge 11 may be formed from 80 
metal sheeting as described, or the 
appropriate profile may be applied to one 
surface of an insulating alan which is 
then rendered conductive by si^raying or 
otherwise applying metal to it. Equally, 85 
it is possible to biilge both of the sb'eets 
1 and 2« to produce the proper variation 
in spacing, ^hirther, bulging of sheets 1 
and 2 may be avoided altogether by in- 
troducing dielectric material suitably 00 
profiled, into the space between plane con- 
ductive sheets to provide the proper vari- 
ation of refractive index in the space be- 
tween them. 

Any suitable provision may be made 95 
for moving the feed element 7 around the- 
edge of the bulge portTon 11. Thus, 
iiLstead of a physically movable feed de- 
vice a.<» shown it is also possible to pro- 
vide a plurality of fixed feed elements 100 
distributed around the appropriate arc, a 
switching mechanism being provided to 
render these elements operative selec- 
tively at the appropriate times. 

Tt will be appreciated, moreover, that 105 
although in some instances the antenna 
has been described, for clarity's salce, as 
though it were a transmitting antenna, it 
can equally well be used as a directional 
receiving antenna. HO 

Bated this 21st dav of Julv. 1949 
HERBERT W. GHACE, 
Chartered Patent Agent, 
Agent for the Applicant. 
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Improvements in or relating to Radio Antennae 



I, The Mlvistkr of SurrLV. of Shell 
ilex House. Loudnu. W.C.2, do liereby 
declare the iiatiiTP of this iuvputioii to be 
a.-4 follows: — . , ^ ^ a- 

6 The present iuveiitiou relates to direc- 
tive anteiuue for nidio rommunieatiou, 
radar aud lilce systeiiis. fu particular, 
this iuventiou relates to antennie of tlie 
type desmhed iii my ro-peiidiii«: AppJj- 

10 cation No. 19400/49. i x 

These antennfp are employed to jiro. 
dure a rndio or radnr radiation beam from 
a Hue source. H^eretofore anteunie 
systems u«ed for this purpose have 

15 suffered from one of the disadTaiitages 
that the feed to the system has oh^trn»-tpd 
the raJiatinjr aperture, that the dimen- 
sions of the syr^tem ^ll^^^.^t Y'*- 
wieldv or that the aperture illumiuataon 

20 and 'therefore the side-lohe radiati.ni 
level has not been easily rontroUnble. 
It is an object o£ the present mven- 
• tion, therefore, to provide a direc tive an- 
tenna svstem for producing: a./adintion 

25 beam from a line source in wliich the feed 
does not obstruct the radiation apertiire. 
i further object of the invention is to 
• pro^-ide such a directive antenna system 
in which the radiation aperture illuminn- 

30 tion is easily pontrollabl^ au'l wlndi 
simple to manufacture. 

It is hnown thnt the region lymu: be- 
tween a pair of parallel conductmc? sheef^ 
suitablr spaced a!)art in the direction ot 

35 the H-Vector of an in^^'^^^^nt rndio wav^^ 
will support and propafrate the wavi^ 
through the region. The index of re- 
fraction of the propagating- region be- 
tween the plates may. in thw -as.*. l>e 

40 defined as ^here T i< the velocifv 

of propagation of radio waves in free 
ripace, and Tn the phase velocity of propa- 
jpation of radio waves in the reprion be- 
tween the parallel plates. 
Afi Tor a ffiven pnir of plates spaced apnrt 
hv a distance and a radio wa^'^'^^npith 
of A. it can readily be shown that: — 



phi tea in .such uii arranj^Hmut. the iwdeN 
of refraction of thn region eurlosed be- 
tv.-een the plates may he made to vary 
u ithin a given area, in atcordauci? with 
any given law. ^ 55 

The present invention is liased on this 
fact and according to the invention in 
one aspect there is provided a radio an- 
tenna system comprising i\ pair of con- 
ductive surfaces arran^^ed in spaced re- 60 
lationship to define between tbeni a 
region having, for radio woves of a given 
wavelength, a refractive index (a;i hw*-- 
defined) varying over said region in 
a^'cordance with a given law sucJi that 65 
railiations laum lied into safil regifni at a 
given part of its boundary will emerge 
from .said regioii in a desired jjattern of 
radiation, the part of tlie boundary uf 
said region pas.sed tlirougii by the en)erg- 70 
eiit radiation being so an-anged that the 
emergent pattern i^ not sub.stantially dis- 
torted from th;«t set tiP hy snid region in 
I^assing througli said boundary. 

Optically, it has been shown that if a 75 
sjdiere of radium It is made of transjiarent: 
material within whifli the refractive in- 
dex, is related to tJie radi»J distance 
tifni rb»* ••••ritM*. t by th** relationship. 



. . . Cii 80 



r - 

U(-) 



Tt will be appreciated that, by .suit- 
&0 ably varying tlie spacing between tbe 



wliere /'..) i^ the refractive index nt ihe 
centre, rays emitted from a jioint source 
on the surface of the sphere will he 
brcmght to a focus at n point on the sur- 
face diametrically opposite the source. 85 
'ft will be <eeii from the symmetry of the 
system that rays emitted from a point 
source on the surface of a hemisjdierc 
constructed in accordance with the 
formula of erjuatitni 2. the point soune 90 
lyina-on the normnl through the centre >>f 
the plan-.^ surfa-^* of thV hemis]dii*re, 
will emerge in a parallel beam normal to 
Hie j)lane surface. 

It follows that rays emitted from a 85 
line source of radiation on the convex 
surfa<-e of a <>emi-rylinder which lies on 
tlie bisector of the opposite plane surface 
Trill emerge as a jiarallel beam from the 
plane surface of the semi -cylinder. 100 

A '••cording to a feature of the inven- 
fion, therefore, there i< provided a radio 
antenna eompHsinff a pair of conduc- 



11 



live surfaces nrnmjjed iu . spaced relutioii- 
sliip to define hetweeu theiu u si»uii-circn- 
lar region Lnviug, for radiu waves of a 
given wavelenertli, an index of refraction 
5 !h (as lierein defined) varying over said 
region in accordance witli tlie law 

n^- ^ where r i< the radial dis- 

r - 
l + (-) 

tance from tlie centre of the rircle of 
wliicli the semi-circle forms part^ B is tlio 

10 radius of tlie semicirrle and fio is tlie in- 
dex of refraction at said centre, and a 
feed element associated with the semi- 
cylindrical boundary of said region at a 
I)oint on the radiiis perpendicular to the 

15 iitraight (diametrical) boundary of said 
region. 

In order tliat the invention may be 
more clearly understood, embodiments 
thereof will now be described, by way of 
20 example, with reference^ to the accom- 
panying drawings in which, — 

Fig. 1 is a perspective view of an an- 
tenna constructed according to the 
invention. 

25 Pig. 2 is a perspective view of another 

. embodiment of the invention. 

Fig. 3 is a perspective view of a 
further antenna system constructed in 
accordance with the invention. 

30 Fig. 1 shows an antenna comprising a 
pair of conducting sheets 1 and 2 sup- 
ported in spaced relationship by means of 
curved side plates 3 and 4. The conduct- 
ing sheets 1 and 2 each have n peripheiy 

35 in the form of a semi-circle. A wave 
guide 5 is positioned on the bisector of 
the diameter of the semicircles which 
forms tlie aperture 6 of the antenna. The 
waveguide 5 is arranged to launch radio 

40 waves in the Hj mode into (or receive 
energy from) the space between the sheet 

1 and 2. 

The spacing between the sheets 1 and 

2 around +he edfyes bounded by the 

\ 

46 cTirved plates 8 and 4 is greater than ~ 

2 

and less than K \ being the ' operative 
wavelength. 

The sheets I and 2 ore identically pro- 
filed in such a manner and are spaced 
60 apart by such a distance that the distance 
rt between the sheets at any point obeys 
the following equation, obtained by com- 
bining equations 1 and 2 above, via. 



1 + 



,\2 



Fl2 2 



65 For equation 1 to be real, it is appar- 



ent that a must nt all times be greater 
K 

than — . Aliio, in order tf) suppress waves 

iu the Ha mode it is desirable that a be 
less than A, and hence 7'=0 it is prefer- 
ably arranged tliat a be slightly less 80 
thuu, or eciual to, A. This value of « will 
then determine the index of refraction 
.'(o at the centre of the aperture 6. 

Badiu waves launched in the mode 
from the waveguide then arrive in 66 
pha.se at the aperture 6 and a substan- 
tially parallel beam results. It is found 
that the illumination " of the aper- 
ture 6* is such that any side lobes " of 
radiation produced are negligible. 70 

Fig. 2 shows an antenna comprising 
Hwo conducting sheets 10 and 11 having 
two side plates 12 and 13. The antenna is 
fed by a waveguide 15. The components 
of the antenna are arranged in a similar 75 
manner to those in the embodiments of 
Fig. 1 to form an apertxire 16. However, 
only the conducting sheet 10 is profiled 
whilst sheet 11 is plane. The profiling of 
slieet 10 is such that the distance between 80 
the sheets 10 and 11 conforms to the same 
considerations as those given with refer- 
ence to the spacing of the plates 1 and 2 
of Fig. 1. 

Fig. 3 shows an antenna designed to 85 
provide a fan-shaped radiation pattern, 
that is, the radiation pattern is narrow 
in the one plane, in the aspect shown, 
the horizontal plane and broad in the 
other plane, in the aspect shown, the 90 
vertical plane. The antenna comprises 
two conducting sheets 10 and 11 sup- 
ported in spaced relationship by means 
of curved side plates 12 and 13. A wave- 
guide 15 feeds the space between the 85 
sheets 10 and 11 in the same manner as 
described with reference to the wave- 
guide 1-5 of Fig. 2. The dimensioning and 
spacing of the sheets 10 and 11 is the 
same as for the sheets of identical refer- 100 
ence in Fig. 2, except that the plane 
sheet 11 is extended beyond the side 
plates 12 and 13, i.e. beyond the line AB, 
in the form of a rectangle and supports 
at its edge a parabolic cylinder 17. 105 

The focus of the parabolic cylinder 17 
lies in the line AB. The rectangular ex- 
tension of the sheet 11 causes the direc- 
tion of maximimi radiation from the 
aperture of the plates 10 and 11 to be 110 
inclined towards the vertical in the 
aspect shown thereby directing the 
radiation so that reflections * from the 
parabolic cylinder -17 do not return into 
the anerture. The resultant reflection 116 
from the parabolic cylinder is a radiation 
beam which has a wide angle in tJie 
vertical plane. 



It will im iiii<ler.sli»o«I lliut iIh* iMiiliodU lein of viirviji^ refnu.live imicx riKii;ilIy 15 
mtiuts deswibeil are fi'ivL'u merely l>y \v;jy witljiji a ^eini'Mn-li* ur in'iaisplien* l«i jiji'- 
of example aud many auteiuuv con- dace tiK ussiug of a ijnrallel Ueaiii at a 
structed in accordam e with tlie invention poiur on tke t ireuniference or vice vena, 
6 will occur to those versed in the art. For It will be appreciated, moreover, that 
example, the condu«ting- sheets 1 aud '2 althoiig:h figs. 1 and 2 have been de- 20 
of Fig. 1 or 10 and 11 of Fig. 2 aud '^ scribed, for clarity*s sake., a.s tliough tliey 
may be formed from metnl sheeting' or were transmitted auteuupe they can 
the appro])riate profile may be applied to equally well be ii-^ed as directional ra- 
10 the surfaces of an insula tiug* slab which reiving antennaj. 

is then rendered conductive hy sprayin;r Dated this 18th day of October. 1941*. 
Or otherwise applying metal to it. HEEBEET W. GEACE, 

Further, the equatiou 2 is only one of Chartered Patent Agent, 

a large number of solution.* to the proh- Agent' for tlie Applicant. 

PBOYJSIOyAL SPECIFIC ATION 
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Improvements in or relating to Radio Antennae 



25 I. The Mixister of Supply, ot Shell 
Mex House, London, W.C.2, do hereby 
declare this invention to be described in 
tile following statement: — 
The present invention relates^ to radio 

30 antennie and nonstitntes a inoditication of 
nr improvement in the invention de- 
scribed in my prior Patent Application 
Xo. 19409/49. 
In that prior Specification there is de- 

3.") scribed a fonn of directional . radio 
antenna in which a pair of conductive 
surfaces is arranged in spaced relation- 
ship to define between tliem a region hav- 
ing, for radio waves of a given wave- 

40 len»'th. a refractive index (ns herein de- 
fined) varying over said region in accord- 
ance with a given law sxich that radia- 
tions launched into said region at a given 
part of its boundary will emerge from 

45 said region in a desired pattern of itidia- 
tiou, the part of the boundary of said 
region passed through by the emergent 
radiation being so arranged that tlio 
emergent radiation pattern is not sub- 

5Q stantially distorted from that net up by 
said region in passing through said 
boundary. 

Accordincr to this invention a partim- 
Inr case within the broad concept of the 

55 above invention comprises a radio an- 
tenna lens consisting of a pair of con- 
ductive surfaces arranged in spaced re- 
lationship, the spacing between them be- 
ing so varied from point to point that 

60 they define between them a region hav- 
ing, for radio waves of a given wave- 
length, a refractive index (as defined in 
the prior Specification above referred to) 
which varies in one dimension (y) acrosa 

f55 the region according to the Inw: 



2d 

wliere /'.(ip is tlif refractive index at 
distance i/ from the lens axis in the (i/) 
dimension. _ 

tio h the refraetive index at the Jens 70 
axis, a nd 

fl is tlie tliicK'uess of the lens in the 
dirertiou of its nxi^, and is unifonn, at 
any given distance from tlie axis of the 
lens, in the direction of the axis of the 76 
lens wJiereby radiations launched in the 
lens by a feed clement arranged at n 
])oint on one boundary of said region and 
on the axis of the lens will emerge from 
the opposite boundary- in a substantially 80 
parallel beam. 

Tu order that this invention may he 
more clearly understood it will now be de- 
scribed with reference to the accom- 
panying drawings in which: — 85 

Fig. 1 is a plan view of on antennsi 
according to the invention. 

Fig. 2 is a side elevation, and 

Fig. is on end elevation of tln.» 
antenna. 90 

From the drawings it^ will be seen 
that the antenna comprise^ a pair of 
metallic sheets A and B mounted one 
above the other in spaced rela1ionslii]i. 
As will be seen from, the side elevation 95 
of Fig. 2. the plates are curved in tlie 
dimension so a^i to impose n variation 
in the spacing ])etween the sheets which 
is symmetrical about tlie axis ofj. This 
variation is sucli that the index of re- 100 
fraction of the wave propagating region 
formed by iht* spaee between the plate-* 
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follows ]tlie law above quoted. As stated 
iu the Specification of my prior appliea- 
tiou above referred to, tke iudex of re- 
fraction .a is {jiven by: — 



5 



wliere A is tlie wuvelenti:th of the ra^liu- 
lious euipioyed and 

ff ifi tile .spacing between the sheets. 

It follows that the spacing between the 
10 :iheets varies according to -flie Law: 



2 



^ As before d is the thickness of the 
lens in the direction op, as indicuted in 
I'lff. 1. 

15 As will be seen from i'ig. 3 the plates 
are straight in the dimension op, so that 
tliere is no variation in the index of re- 
fraction in this dii'ection. 

It can be shown that with this arrangc- 

20 ^>i«iit, dimensioned as above, a feed ule- 
juent located at the point c to radiate 
energy of the appropriate wavelength 
Jiito the antenna lens structure will give 
rise to^in emergent beam in the direction 

85 op which is focussed into a narrow, sub- 
stantially parallel beam in the plane 
i/op. 

In the plane perpendicular thereto the 
polar diagram of the array will be of 

30 well-known fan shape as obtained with 
conventional so-called cheese " mir- 
rors. Tlie shaqmess with which the beam 
is focussed in the plane of the sheets and 
the amplitude of the side lobes which are 

36 jset-up, will depend in the arrangement 
shown on the extent of the antenna sheets 
in the dimension yy^ and in fact the side 
lobes can be reduced to almost any accept- 
able amplitude by sufficient extension of 

40 the sheets iii this dimension. In practice 
it lias been found that side lobes can be 
maintained witliin the limits normally 
obtained with conventional '* cheese 



type mirror^ with an overall length in 
the dimension i/y^ of the same order 45 
that employed in ** cJieese " type 
mirrors. 

The sheets may be supported in spaced 
relation in any desire^ way, for example, 
as shown in the drawing by means of sup- 50 
porting pillars S. These supporting pil- 
lars may be of conductive material, or of 
dielectric material. In any case it ia pre- 
ferred to position these supports as fax* 
as possible away from the axis op of the 55 
lens. One possible fonn of construction 
which facilitates assembly of the device 
within the mechanical tolerances re- 
quired for the spacing between the sheets, 
is to provide a block at each end of the GO 
sheets to the opposite faces of which tlio 
sheets are attached. This is a particularly 
valuable method since the dimensions 
are most critical at these outer ends. 

Variations in the structure are pos^65 
sible. For example in place of self-sup- 
porting metallic sheets which have been 
ussumed for the structure above de- 
scribed, the surfaces forming the antenna 
may be metallic surfaces formed by 70 
spraying or plating on suitablj^ profiled 
and spaced blocks of insulating material, 
or may be built up on suitable support- 
ing frameworks. Furthermore, in place of 
the symmetrical arrangement of curved 76 
sheets shown in the example it is possible 
to carry out the invention using one 
curved and one plane sheet,, the cun-a- 
ture applied to flxe curved sheet beinj{ 
suitably modified to produce the desired 80 
variation in the refractive index. 

As shown in the drawing, the emerg- 
ent boundary of the lens may be provided 
with a flared portion C, to produce 
the desired matchinfi' into free space and 86 
hence ensure that the, jjolar diagram in 
the sen^e perpendicular to the plane of 
the lens is of the desired form. 

The antenna or lens may be fed by any 
suitahle t>-pe of feed element sucli as \\ 90 
horn or dipole with reflector located at 
point 0, 

HERBERT UliACE, 
Chartered Patent Agent, 
Agent for the Applicant. 
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